Addresses
Introduction
Glomerular ¢ltration rate (GFR) is recognized as the best available measure of kidney function. Various methods of measurement exist, including clearance of exogenous markers (e.g. inulin and iothalamate), endogenous markers (creatinine and cystatin C) and calculation of estimated GFR (eGFR) from serum creatinine concentration and patient demographics. In England, the Department of Health has identi¢ed reporting of eGFR as a marker of good practice for the identi¢cation, assessment and management of chronic kidney disease (CKD), 1 and it is now being routinely reported by many diagnostic NHS laboratories. This has generated considerable interest and debate. The estimation of GFR, using an equation derived from the Modi¢cation of Diet in Renal Disease (MDRD) Study data, 2 has also been recommended by the National Kidney Foundation, 3 the American Society of Nephrology, the National Kidney Disease Education Programme, 4 Kidney Health Australia 5 and Kidney Disease: Improving Global Outcomes (KDIGO). 6 The advantages of eGFR over serum creatinine or creatinine clearance estimations include earlier recognition of reduced kidney function, an understandable referral and management protocol based on an internationally agreed staging system of CKD and the avoidance of the less practical, imprecise, less accurate and more expensive creatinine clearance estimations. 2, 7 When interpreting a creatinine result, clinicians should take into account various extra-renal factors which are known to a¡ect creatinine production and, therefore, serum creatinine concentrations. These include age, gender, ethnicity, body habitus (muscle mass in particular), diet and chronic illness. Of these, only diet may have a rapid and transient e¡ect on creatinine concentration, but this is a factor that national and international organizations have not highlighted in published recommendations. 1, 5, 6 It is important to note that the original MDRD equations were derived from blood samples taken during the baseline period of the MDRD study, 8 and that most samples were taken in the morning following a period of fasting and water loading (Levey AS, personal communication). However, in clinical practice, they are generally used in situations where the patient's recent dietary intake is not considered. The cooking process is known to convert a fraction of creatine in the meat to creatinine. 9 Around 20--30 years ago, some small studies demonstrated signi¢cant rises in serum creatinine concentration following ingestion of quite large (225--500 g) standardized cooked-meat meals. 10--13 This ¢nding has not been con¢rmed following normal meal helpings. We, therefore, set up a study to answer the following questions:
(1) Does a normal helping of food, with or without cooked meat, a¡ect serum creatinine (Ja¡e method) and eGFR? (2) If so, is this due to true changes in serum creatinine concentration, or due to non-speci¢c ('pseudo-chromogen') e¡ects on the kinetic Ja¡e method? At the second and third visits, blood sampling was undertaken before and after a meal containing cooked meat (32 subjects) and no cooked meat (23 subjects). The ¢rst sample was taken 4 h after a normal breakfast, which contained no cooked meat --the preprandial sample. Two samples were taken in the postprandial period, the ¢rst after 1--2 h and the second 3--4 h after lunch. Laboratory volunteers' meals were supplied by the hospital canteen and Care of the Elderly Day Hospital participants' meals by the same provider, Serco s . Fluid intake was not restricted. Samples were separated and analysed for creatinine using a kinetic Ja¡e method. Aliquots were frozen at À401C for subsequent analysis (see below). Estimated GFR was calculated using the adjusted isotope-dilution mass spectrometry (IDMS) traceable version of the MDRD equation, 14 with assay-speci¢c adjustment factors, namely: eGFR ðmL=min=1:73m 2 Þ ¼ 175 Â ½ðserum creatinine ðmmol=LÞ À interceptÞ Â 0:011312=slope À1Â154 Â ½age À0Â203 Â 1:212 ðif blackÞ Â 0:742 ðif femaleÞ The intercept and slope are Beckman reagent user-spe-ci¢c factors provided by the United Kingdom National External Quality Assessment Scheme (UKNEQAS) to correct for between-method creatinine biases and to ensure IDMS traceability. The National Kidney Foundation classi¢cation of CKD 3 was used for staging to allow comparison of pre-and postprandial results. Aliquots of serum were also analysed for creatinine by IDMS (Guy's Hospital, London) and by an enzymatic method (Kent and Canterbury Hospital). Cystatin C was measured on further serum aliquots (Kent and Canterbury Hospital). The meat-containing lunch options included lamb hot-pot, beef curry, roast beef sandwiches, roast beef, steak mince, pasta bolognaise, lamb curry, braised steak, beef ghoulash, steak pie, roast lamb, chicken chasseur and chicken curry. Non-meat-containing meals included soup with bread and salad, potato scones, sandwiches with ¢llings, vegetable lasagne, pasta and others. The signi¢cance of any changes in creatinine concentrations, eGFR and cystatin C concentrations was analysed by the Wilcoxon signed rank test. Ethical approval for the study was obtained from the Lanarkshire Ethics Committee.
Analytical techniques
(1) ID-MS creatinine: A modi¢ed liquid chromatographic ID-MS method. Serum was diluted with deionized water containing d3-creatinine (CDN Isotopes, Qmx Laboratories, Thaxted, UK) and 
Results
Results were obtained for 32 participants following the cooked-meat meal and for 23 of these participants following the meat-free meal. A table of all results from samples taken before and after a meal containing cooked meat is available in the Appendix.
Does diet affect eGFR?
Creatinine (kineticJa¡e) and eGFR following a cooked-meat meal: The changes in serum creatinine concentration and eGFR are summarized in Table 1 . Serum creatinine concentration increased, from the baseline preprandial Table 1 Comparison of median eGFR, serum creatinine concentration (using 3 different analytical methods) and cystatin C concentration Figure 1 is a plot of median preprandial eGFRs and median postprandial eGFRs 1--2 h and 3--4 h after a meal containing either cooked meat or no meat. Maximal postprandial serum creatinine concentrations were reached by 18 participants at the 1--2 h mark, and by 12 participants at the 3--4 h mark.
Creatinine (kineticJa¡e) and eGFR following a meat-free meal: The changes in serum creatinine concentration and eGFR are summarized in Table 1 . The eGFR rose by a modest, though statistically signi¢cant, level after a meat-free meal. The eGFR increased, from the baseline preprandial sample, by 1.0 mL/min/1.73 m 2 after 1--2 h, and by 3.5 mL/min/1.73 m 2 after 3--4 h. The decrease in serum creatinine of 1.0 mmol/L at 1--2 h, and 3.0 mmol/L 3--4 h after a meat-free meal, did not reach signi¢cance.
Is this due to true changes in serum creatinine concentration or due to interference with the kinetic Jaffe method?
To investigate possible interference, serum creatinine was analysed by three di¡erent methods; namely the kinetic Ja¡e (as above), IDMS and enzymatic methods.
Increases in serum creatinine measured by the three methods were similar after a cooked meat meal (see Table 1 ) at both time intervals. There is, therefore, no evidence of signi¢cant assay interference a¡ecting the kinetic Ja¡e method.
Is there another marker of GFR not influenced by a cooked-meat meal?
The results of cystatin C analyses are contained in Table 1 . There was a marginal fall in the median serum cystatin C in the case of the 1--2 h samples after the non-meat-containing meal, but all other changes were not statistically signi¢cant.
Discussion
Our study highlights the impact of a cooked meat meal on serum creatinine concentration and eGFR, with a potentially signi¢cant impact on the diagnosis and staging of CKD. This is due to an increase in serum creatinine in vivo as shown by the similar increases in results using three di¡erent methods.
Although the increase in serum creatinine concentration after the consumption of cooked meat was ¢rst reported in 1933 with sporadic reports thereafter, 9--13,15--17 this factor appears to have been overlooked in recent national and international CKD guidelines. This may be because there is a perception that the e¡ect is limited to ingestion of large amounts of meat, using laboratory methods for creatinine which are outdated. Widespread introduction of MDRD-based eGFR reporting by laboratories has highlighted the relatively high prevalence of CKD, a condition that has previously been poorly recognized and under-diagnosed. The Third National Health and Nutrition Examination Survey (NHANES III), 18 where specimens were taken from mainly fasting subjects 19 in a North American population, estimated stages 3--5 CKD at 4.7%. In a study of 41,051 adult patients in primary care practices in England, using non-fasting specimens for creatinine analysis and eGFR calculated using a creatinine method calibrated to the MDRD laboratory, the prevalence of CKD stages 3--5 was 9.7%. 20 It is likely that some of the di¡erence in the prevalence of low eGFR in these studies is due to di¡erences between the populations studied, but an underestimation of eGFR when sampling non-fasted subjects may also be making a signi¢cant contribution. Other studies seeking to evaluate the performance of MDRD-based eGFR have been undertaken, but have not speci¢ed whether participants had fasted or avoided cooked meat for a suitable time before sampling. 21--26 It is, therefore, not clear whether the results may have been a¡ected by dietary intake.
From April 2006, general practitioners in the UK have been encouraged, through the Quality and Outcomes Framework, to maintain databases on patients with CKD stage 3 or worse, and laboratories are advised to report eGFR using the MDRD equation. As a result of the exponential nature of the MDRD-based eGFR calculation, a ¢xed increase in serum creatinine concentration will produce a greater reduction in eGFR in earlier stages of CKD. Depending on the results of other investigations,12 of our 32 participants (seven volunteers and ¢ve Day Hospital patients) could have been allocated an incorrect CKD stage. Eleven of these changed from a preprandial eGFR of 459 mL/min/1.73 m 2 to a postprandial eGFR of o60 mL/ min/1.73 m 2 , thus potentially misclassifying them as CKD stage 3. This may result in additional investigations and referral of unsuitable patients to specialist renal clinics. Guidelines published by the Joint Specialty Committee on Renal Medicine 27 recommend a range of further laboratory and clinical investigations in patients identi¢ed as having CKD. The cost implications of mis-identi¢cation over a large population may be signi¢cant.
Cystatin C is a cysteine protease inhibitor of low molecular weight freely ¢ltered at the glomerulus and catabolized in the renal tubules. It is a more sensitive and speci¢c marker of renal dysfunction than serum creatinine. 28 Our study shows that serum cystatin C concentrations appear to be robust to the e¡ects of both meat and non-meat-containing meals. The slight decrease in cystatin C following both types of meals is probably consistent with the known postprandial increase of true GFR as measured by inulin clearance. 16 This data further strengthen the case for the use of serum cystatin C as a screening test for CKD which could be reliably used in non-specialist settings.
The strengths of our study include the performance of creatinine measurement by two widely used modern laboratory methods, comparison to the reference method (IDMS), the inclusion of a wide age range of subjects of both genders, and the preparation of normal helpings of a range of meat-containing meals. Although conducted on small numbers of subjects, it was adequately powered to demonstrate a clear outcome and was performed with minimal inconvenience to participants.
Aweakness of our study is that we did not extend the sampling period beyond 4 h after cooked meat intake. However, past studies have indicated that serum creatinine concentration may increase for up to 10 h. 12 Although we included a wide range of meat-containing meals, and compared the results with meals which clearly did not contain meat, we did not quantify the amount of meat in each meal, nor did we attempt to evaluate the complete range of dietary constituents. Also, classi¢cation of CKD using eGFR should not be based on a single result, but on results taken more than three months apart.
The extent of misclassi¢cation of CKD in clinical practice due to the use of MDRD-based eGFR calculations on blood samples taken after a meat-containing meal, if any, is currently unknown. We suggest that this would be a good topic for further research and audit. However, based on our results, we recommend that measurement of serum creatinine and calculation of eGFR for the purposes of diagnosis of CKD should be carried out when a patient has fasted or speci¢cally avoided a cooked meat meal on the day of blood sampling.We would recommend that national practice guidelines, including forthcoming recommendations from the Scottish Intercollegiate Guidelines Network and National Institute of Health and Clinical Excellence, 29 
